Posttraumatic orbital reconstruction has been a challenging mission for decades in craniomaxillofacial surgery. Complications like enophthalmos, diplopia and gaze obstacles emerge when orbital trauma occurs, affecting people's daily life as well as their appearance. Advances in technology and research gained through years of experience has provided us with a greater understanding of the changes following trauma, as well as providing us with a variety of filling materials that we can choose from to handle the deformities. However, the best type of material for repair of orbital deformities remains controversial. This paper reviewed approximately 60 articles discussing materials used in orbital reconstruction or soft tissue defect filling in the past years, with the aim of giving a comprehensive overview of the advantages and disadvantages of materials used in this field so as to help surgeons to make a better choice.
INTRODUCTION
Orbital fracture is common in facial trauma. Its incidence ranges from 18% to 50% of all craniomaxillofacial traumas, considering the difference of the geographic region, injury mechanism and study population. [1] Although the eye is well protected by the strong orbital rim, the thin orbital floor, and the medial wall that acts as a shock absorber, there is a high chance of associated ocular injuries after orbital trauma, ranging from 22% to 76%. If the traumas are not diagnosed or well treated in a timely fashion, patients can suffer from functional and aesthetic sequelae.
In 1889, Lang [3] was first to recognize that traumatic enophthalmos is caused by fracture of the orbital wall and the associated orbital tissue abnormality. Significant progress has been made in the field of orbital reconstruction. It's commonly believed that orbital deformities occur because of two main causes: first, the anatomic changes behind the eyeball that may consist of an inferior dislocation of the orbital floor or a transversal expansion of the orbit which contributes to the defect; [4] second, once soft tissue within the socket is affected, the whole socket can be influenced. Thus, we are supposed not only to repair the orbital fracture, but also find the appropriate filling materials to restore the volume of orbit, avoiding bothersome sequelae, and restore ocular functions.
Orbital fractures occur with bothersome complications like enophthalmos and constant diplopia. Among 55 studies performed on orbital reconstruction, it was found that the indication for surgery was based on diplopia in 18.3% of cases and on preoperative enophthalmos in 29.8% of cases. [5] The goal of orbital reconstruction is to repair trauma defects, to correct the anatomical position of the eye, to accurately restore the volume of the orbit, to avoid sequelae such as enophthalmos, and to restore ocular function. Orbital fractures can occur alone or with other craniomaxillofacial fractures, which may complicate the reconstruction. It's reported that the medial wall and the orbital floor fractures are the most frequent type. The medial wall of the orbit consists of the maxilla, lacrimal, ethmoid and sphenoid bones, and it is the most vulnerable and most complicated to repair due to its anatomical structure. Small defects may heal alone by the formation of scar tissue, whereas larger defects, especially those associated with enophthalmos and hypoglobus, need material of a sufficient strength to support the orbital contents and restore the contour of the orbit. [6] In terms of operation, we should consider three pivotal questions. When is the best timing to perform the operation? How to perform the operation? What materials should be used? This review aims to give a comprehensive overview of the advantages and disadvantages of materials used to repair orbital fractures or used for soft tissue defect filling, with the goal of assisting surgeons to make a better choice.
THE IDEAL IMPLANT MATERIAL FOR ORBITAL FRACTURE RECONSTRUCTION
It's very difficult to determine which material is the ideal implant for orbital fracture reconstruction. The ideal characteristics of the material used as an orbital implant include: (1) ability to bend into an anatomical shape; (2) radiopacity; and (3) permanent stability. [5] For smaller defects, the strength of the implant holds limited relevance for a successful outcome, and the choice of implant is more dependent on biocompatibility. [7] In larger fractures, mechanical properties, biocompatibility, and the contour or form factor needs special attention. [8] A recent article argues that the ideal implant should be discussed in seven points: (1) stability and fixation; (2) contouring and handling; (3) biological behavior; (4) drainage; (5) donor site morbidity; (6) radiopacity; and (7) availablility and cost-effectiveness. [5] First of all, the ideal material is expected to be strong enough to support the orbital content, to be stable, to maintain its shape over time, and to fix itself to surrounding structures. Second, it should be malleabile with a smooth surface. A desirable implant needs to be of high biocompatibility, chemically inert, non-allergenic and non-carcinogenic to ensure a decrease in rates of infection/extrusion/migration/ foreign body reaction. It must allow high tissue incorporation with minimal resorption. Furthermore, spaces within the implant should be present to allow drainage of orbital fluid. Materials that are radiopaque facilitate postoperative evaluation. Lastly, it should be readily available, in sufficient quantities, and have an acceptable cost to ensure easy popularization.
BIOMATERIALS
Biological materials including autografts, allografts, and xenografts, are defined as grafts harvested from the same body, from cadavers or from animals. Generally speaking, autologous grafts are characterized by cost-effectiveness but limited availability, variable resorption rates resulting in unpredictable orbital volume that may lead to enophthalmos, associated donor site morbidity (pain, scarring, infection, haematoma), as well as an increased surgical time. Autologous bone was the first material used to reconstruct the orbit and remains popular today. Since the 18th century, it has been the "gold standard" biomaterial for the reconstruction of craniofacial bony defects. [9, 10] The major donor sites include crista iliaca, calvarium, maxilla and mandible. [11] [12] [13] [14] Autologous bone graft is applied in orbital reconstruction because of its strength, rigidity, biocompatibility, vascularization potential, and incorporation into the orbital tissue with minimal acute and chronic immune reactivity. The advantages mentioned above make it a significant role in the stage of orbital Figure 1 : Multiple small plates of calvarial bone and screws were used to re-create the normal contour of the orbit. Adapted from Gunarajah and Samman [6] reconstruction. However, its poor malleability, donor site morbidity and fluctuant resorption rates may be problematic [ Figure 1 ]. The unpredictable resorption rates of autologous bone especially iliaca can even reach 80%, which increase the risk of complications. [13] Resorption may be decreased by fixating of the graft, which promotes revascularization and osteoconduction. [15] Another option is cartilage graft, which compared to the "gold standard" bone graft is easier to harvest, is more malleable, and has less resorption. [16] The nasal septum, conchal cartilage and costal cartilage are the common donor sites. The nasal septum is advantageous owing to the rapid harvest time and the minimal cosmetic and functional morbidity. [17, 18] Bayat et al. [19] performed a randomized clinical trial and found a superior effect for nasal cartilage compared to conchal cartilage with respect to the incidence of enophthalmos at the 3-6 months follow-up point. Whereas, the autologous cartilage still cannot avoid donor site morbidity and is limited in quantity.
Allograft is transplanted tissue from human cadaver. Lyophilized dura mater, demineralized human bone, lyophilized cartilage, irradiated fascia lata are types of harvested tissues. The advantages of allograft include a decreased surgical time, preoperative customizability, absence of donor site morbidity (only in cadavers), and abundant availability. Lyophilized dura (Lyodura) was once the standard for the repair of smaller orbital defects. [20] However, it became controversial after a report of Creutzfeldt-Jakob prion disease in a patient who received dura. [21] The disadvantages of allograft include a resorption rate substantially higher than that of autologous tissue, the necessity for immunosuppressive pharmacotherapy, and potential risk of viral transmission. [22] [23] [24] Xenograft mainly includes collagen membrane, porcine sclera, porcine skin gelatin/gelfilm, bovine bone or sclera. It is only rarely used for the repair of orbital fractures because of the association with disease transmission, immunological transplant rejection, and unpredictable and high resorption rates in spite of a reduction in operative time and lack of donor site morbidity. [25] 
METALS
Studies have shown that titanium and cobalt alloys used to be active in the stage of orbital skeleton repair. [26] Cobalt alloys seem not that gratifying because of its poor performance in orbital surgery and have gradually been replaced by titanium.
Titanium mesh has been approved by the Food and Drug Administration since 1984, and now is accepted throughout the would to be used in the craniomaxillofacial surgery, especially in large defects. Titanium is chemically similar to calcium which makes it physiologically inert, and tissue tolerant. Titanium has a high corrosion resistance due to the spontaneously forming thin oxide layers on the surface. This guarantees that the material behaves passively in order not to provoke toxic nor allergic reactions [ Figure 2 ]. [27] Computer-assisted designed and manufactured titanium implants have enabled optimal reconstructive surgery, with the protection of vital structures such as the optic nerve. [28] However, it is costly and may have irregular edges that may impinge on soft tissue. Furthermore, fibrous tissue will incorporate the mesh-holes, which can make implant replacement technically difficult. [29] 
POLYMERS
Polymers are large molecules comprising of multiple repeated subunits, and can be categorized into absorbable and nonabsorbable (permanent), or porous and non-porous types.
Since 1990s, porous ultra-high-density polyethylene (PE, medpor) sheets have been widely used in smaller orbital floor defects [ Figure 3 ]. It's non-absorbable and easily malleable into shapes. The smooth surface of medpor allows tissues within the orbit to move around freely. [26] Connective tissue and vascular components can grow into the pores which provides great biocompatibility. Medpor is reported to be able to achieve similar outcomes and lower infection rates than autologous bone. [8] Non-porous, non-absorbable materials include silicone, [30] polytetrafluoroethylene (teflon), nylon foil. Silicone is cheap, flexible and easy to handle. However, it has unacceptable high rates of extrusion, cyst formation, and infections. Teflon is biologically and chemically inert, non-antigenic with minimal foreign body reaction, sterilizable, and easily moldable. [31] However, with the proven reliability of porous materials, nonporous materials such as polytetrafluoroethylene are not used as frequently. Nylon has been used since 1965 by Browning and Walker with a lot of complications. [32] Recent studies utilize fixation of the implant to the inferior orbital rim in blow-out fractures, demonstrating a complication rate as low as 1.7%. [33] As for absorbale implants like PLA/PGA, PDS, they have been used in the field of surgery for years with more predictable absorbtion rates as well as higher level of control than biomaterials. They provide temporary support leaving fibrotic tissues. Generally, they are not encouraged to be used in orbital reconstruction considering their unsatisfactory effect and high incidence of complications. [13] BIOLOGICAL CERAMICS Hydroxyapatite (HA), which is chemically and crystallographically similar to bone mineral, has been [27] available for craniofacial surgery since the 1990s. As opposed to porous polyethylene, HA is more fragile, more expensive, and not as easily shaped intraoperatively. [34] HA appears to have a higher risk of postoperative enophthalmos than medpor. [35] Bioactive glasses (BAGs) are synthetic blocks or granules that bond chemically to bone. Despite the fact that BAGs are of brittle nature and hard to mould and shape, they are osteoinductive and osteoconductive. [36] [37] [38] They can prompt the repair of bone with minimal foreign body reaction, infection, extrusion and resorption. [39] 
COMPOSITES
Composites are an interesting attempt to utilize the advantages of one selected material while reducing its disadvantages with another material. An example is the titanium-reinforced PE. Titanium mesh offers the advantages of high strength and stability, easy contouring, and radiopacity in postoperative imaging, while PE implants have a smooth surface allowing free movement of orbital tissue. [40] SOFT TISSUE FILLING MATERIALS As mentioned above, repairing only the fracture is not suffcient. Even if repaired perfectly, many patients may suffer from late sequelae such as enophthalmos due to soft tissue abnormality within the orbit. It's claimed that alterations like atrophy or herniation of soft tissue have a decisive part in the enophthalmos after orbital reconstruction. [41] Thus, we must act to prevent late sequelae by using soft tissue filling materials.
These materials are aimed to replace the abnormal soft tissue and to restore volume of the orbit, to finally restore ocular function as well as aesthetic appearance. They can also be divided into many autologous grafts, allografts, xenografts and alloplastic grafts.
As the "gold standard" of craniofacial reconstruction, autologous bone graft should be the first to be used in this process. However, the rigidity of bone (especially cranium) is relative to the increase of intraocular pressure that might influence the movement of eye and the optic nerve. Furthermore, the donor site morbidity is inevitable.
Silicone oil was one of the first injectable materials placed into the orbit for volume augmentation. Since 1960s, silicone oil has been used for volume augmentation. [42] It's cheap but its outcome is not satisfactory and it needs multiple injections. Many authors have reported complications like extrusion, immigration of implants and infections. [43] Autologous fat graft (either as free fat or dermal fat graft) has been used since the end of the 19th century to handle various soft-tissue defects. Lipofilling, also known as autologous fat transplantion, has been investigated for a long time, especially as a natural implant for aesthetic and reconstructive purposes. Neuber [44] first used fat autografting to correct facial defects in 1893. He reported a 20% to 90% graft absorption rate, so these defects require multiple injections to obtain a satisfactory target. In 1970s, dermal fat transplants were used to fill the orbit. Similarly to other autologous implants, they have outstanding high biocompatibility with minimal infection rate. However, the risk of operation and the donor site morbidity still exist.
In 1980s, collagens injectable became more popular. High resorption grade of non cross-linked collagen gives unsatisfactory results. The use of cross-linked collagen (Zyplast) in the orbital region has a documented risk of blood vessels occlusion, which can lead to a severe visual damage. [45] In the last decade, Hunter and Baker [46] described the use of autologous fat in the orbit for the correction of posttraumatic enophthalmos. The outcome was not good for most of their patients and needed a second injection. Coleman [47, 48] reported his technique, defined as atraumatic liposuction with injection of purified fat, for fat transfer: harvesting, purification by centrifugation, and injection. This technique indeed improved the survival rate of fat. Hardy et al. [49] obtained good results in a retrospective study of 12 patients with anophthalmic and enophthalmos; a further injection was necessary in only 1 case. Autologous fat seems to be the ideal filling material for soft tissue defect. Autologous fat is an ideal filler because of its excellent biocompatibility as a living graft, which is easily harvested and incorporated into the surrounding tissues with no hypersensitivity potential and minimal chance of infection. It is readily available in large quantities at low cost, and grafted fat gives a natural consistency with excellent volume augmentation. It is potentially permanent and the regenerative ability of fat is believed to improve the overlying skin quality. Autologous fat [27] Figure 4: Minimally invasive autologous fat injection: atraumatic suction, furification, and reinjection in the orbit using a cannula. Adapted from Cervelli et al. [50] transfer is minimally invasive, making it more acceptable for patients [ Figure 4 ]. [50] At present, the greatest inconvenience is the unpredictable long term outcome of the graft, related to the extremely variable rate of fat resorption. [51] [52] [53] Many animal models have been tried to find the best process of lipofilling. [54] [55] [56] However, among the animal models, there is no useful posttraumatic model. Further studies are needed in this field.
We also can choose injectable filler, such as CaHA (Radiesse) or polyacrylamide gel (Aquamid), to treat the soft tissue defect in the orbit. Lately, a patient who received CaHA injection complained of soft tissue swelling. [57] Both of them are reported to be effective in volume augmentation with minimal infections. However, they share the risk of anterior migration of filler. [58] [59] [60] We have to take this disadvantage into consideration when choosing the filling material. [61] 
CONCLUSION
The controversy about the ideal material for orbital reconstruction and soft tissue defect filling will continue because it's hard to reach consensus due to the limited number of RCTs and studies. New materials emerge often and more studies are needed. We can safely conclude that there is a worldwide trend for surgeons to prefer minimally invasive techniques and alloplastic grafts are becoming increasingly popular.
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